Abstract. A determination of |V ub | from the exclusive semileptonic B → πlν l decay is presented, using the new calculation of the B → π form factor f + Bπ (0) from QCD light-cone sum rule with O(αs) accuracy in twist-2 and twist-3 terms and employing the M S scheme for the b-quark mass.
1. |V ub | from exclusive B decays A lot of efforts is currently being invested into an accurate determination of the CKM matrix element V ub . The measurements of inclusive and exclusive B-decays involving b → u transition [1] are combined with the QCD calculation of relevant hadronic quantities. In what follows, the current status of the exclusive |V ub | determination is shortly overviewed and the new result [2] on the B → π form factor obtained from QCD light-cone sum rule (LCSR) is used to predict |V ub | from experimental data on B → πlν l .
In Table 1 various exclusive B-decays generated by the b → u transition are listed. Among them, B → τ ν τ provides the easiest access to |V ub |. The hadronic input in this channel is represented by a single number, the B-meson decay constant f B , which is calculated in lattice QCD or from QCD sum rules (see [3, 4] for the latest sum rule analyses). However, the precision of the experimental branching fraction is not yet high enough. Therefore, nowadays the most promising channel is B → πlν l (l = e, µ), where the knowledge of the hadronic form factor f + Bπ (q 2 ), a function of the momentum transfer squared q 2 , is sufficient for |V ub | extraction. The other decay channels listed in Table 1 have a more complicated hadronic input and are not yet competitive.
In B → πlν l , the form factors enter the hadronic matrix element:
where the second form factor f − Bπ (q 2 ) is only relevant in B → πτ ν τ . Ideally, one needs f + Bπ (q 2 ) in the whole region 0 < q 2 < (m B − m π ) 2 = q 2 max ≃ 26.4 GeV 2 of semileptonic decay. The value of |V ub | is then extracted from the partial branching fraction, using [1] form factor f + Bπ (q 2 ) B 0 → ρ + l −ν l 2.38 ± 0.20 ± 0.32 [1] three form factors B − → l −ν l γ < 0.05 (90% CL) [7] two form factors B − → π − π 0 0.0559
−0.0040 [1] several hadronic amplitudes where m l is neglected and
is the pion energy in the B rest frame. Very efficient tools allowing to predict the properties of the form factor in a modelindependent way, are provided by the analysis in the complex plane of the variable q 2 , combined with the unitarity relation. The function f + Bπ (q 2 ) is real on the real axis at q 2 < m 2 B * , below the pole of the vector B * meson at
this function has a complicated pattern of branch points (cuts) and poles corresponding, respectively, to the continuum and resonance states with the quantum numbers of B * . The most general representation of the form factor following from the analyticity is the dispersion relation
where f B * and g B * Bπ are the B * decay constant and B * Bπ strong coupling, respectively. This relation serves as a starting point for the well-known BK-parameterization [8] [f
with two parameters, obtained by replacing the integral in (2) by an effective pole. A more general two-pole, 3-parameter BZ-parameterization can be found in [9] . The approach developed in [10, 11, 12, 13] employs unitarity of the correlation function of two heavy-light vector currents. The squared B → π form factor, contributes to the positive-definite hadronic spectral density of this correlation function, which is then matched, via dispersion relation to the operator product expansion (OPE) in QCD, yielding bounds [10, 11, 12, 13] on f + Bπ (q 2 ) in the decay region. These bounds are most effectively used if one employs analyticity and represents the form factor in a form of a power expansion, yielding the BGL-representation [11] :
where z < 1, P , φ are known functions, the point q 2 0 lies in the decay region and a k are real coefficients. The unitarity bounds predict k a 2 k ≤ 1, allowing one to retain few first coefficients in the expansion. As a result, the shape of the form factor is tightly fixed by (4) with four or five parameters.
A different method [14, 15] employing analyticity is based on the Omnes representation, using the relation between f Bπ (q 2 ) and the elastic phase of πB → πB strong scattering amplitude. The resulting AFHNV parameterization has 4 shape parameters f Table 2 . Recent |V ub | determinations using data on B → πlν l and f
lattice (n f = 3) -BK 3.78±0.25±0.52 [19] lattice (n f = 3) -BZ 3.55±0.25±0.50 [20] lattice ⊕ SCET B → ππ BGL 3.54 ± 0.17 ± 0.44 [21] lattice BGL 3.7 ± 0.2 ± 0.1 [15] lattice ⊕ LCSR AFHNV 3.47 ± 0.29 ± 0.03 [9, 17] LCSR -BGL 3.5 ± 0.4 ± 0.1
Turning to experimental data on B → πlν l , one uses the total branching ratio (see Table 1 ), obtained [1] by combining the CLEO, BABAR and Belle results. In addition, there is a recent accurate measurement of the q 2 -spectrum in B → πlν l obtained by BABAR [16] . In [17] five different parameterizations introduced above (BK, BZ, two versions of BGL and AFHNV) were fitted to the experimental differential shape and BR(B → πlν l ). The result yields :
almost independent of the parameterization. Thus, the problem of |V ub | extraction is reduced to the QCD calculation of the form factor f + Bπ (q 2 ) at a single point q 2 = 0. This point is however not directly accessible in lattice QCD, where the form factor is determined (e.g., in the latest n f = 3 unquenched calculations [18, 19] ) only in the kinematically suppressed upper part of the semileptonic region. Correspondingly, for |V ub | determination, the branching fractions at q 2 > 16 GeV 2 are usually employed.
B → π form factor from QCD light-cone sum rules
The method of LCSR allows one to calculate the B → π form factors at small q 2 . The latest application of this technique to f + Bπ (q 2 ) can be found in [9] (for an earlier analysis see [22] , for a review see [23] ). The sum rule for the vector B → π form factor is derived from the vacuum-pion correlation function:
b near the light-cone x 2 ∼ 0 (b-quark highly virtual) in terms of process-independent matrix elements π(p)|ū(x)....d(0)|0 . The latter are expressed in terms of universal pion distribution amplitudes (DA's) of growing twist. The parameters of DA's are determined from the two-point QCD sum rules and/or from the LCSR for the pion e.m. form factors. The most important parameters of the leading twist-two DA contribution to the OPE are the Gegenbauer coefficients a π 2 and a π 4 , known with a limited accuracy. The form factor f + Bπ (q 2 ) contributes to the hadronic spectral density of the same correlation function, entering the residue of the B-meson pole together with f B . For the latter, the two-point sum rule [3] is employed. Equating the hadronic representation and the OPE result for the correlation function and using quark-hadron duality for heavier states with the effective parameter s B 0 , one obtains LCSR for the form factor.
In [2] we return to this sum rule and update the calculation and input. The O(α s ) gluon radiative corrections to the twist-2 and twist-3 terms in the correlation functions are recalculated. Explicit formulae are given in [2] . Importantly, the M S b-quark mass is used in LCSR, instead of the one-loop pole mass employed in the previous analyses. The recent update of the pion twist-3,4 DA's [24] is taken into account. To constrain the parameters a 2,4 and to fix the optimal value of s B 0 , we fit the shape of the form factor predicted from LCSR to the experimental q 2 spectrum [16] . Additional numerical control over the input is imposed by demanding that the B-meson mass calculated directly from LCSR coincides with the experimental value. The predicted interval of the B → π vector form factor is f + Bπ (0) = 0.28 ± 0.04, where the individual uncertainties caused by the input and by the procedure are added in quadrature. Our result is slightly larger but in agreement with [9] . It is difficult to anticipate a further decrease of the achieved ≃ 15% uncertainty of the LCSR form factor. Substituting the above result for f + Bπ (0) in (5) we obtain:
where the first, second and third errors reflect the theoretical uncertainty, the errors of the experimental shape and branching ratio, respectively. This new estimate has to be compared with other recent determinations from B → πlν l . collected in Table 2 , as well as with the indirect determination |V ub | = (3.50 ± 0.18) × 10 −3 from the fits of the unitarity triangle using only CP-violating observables [25] and with |V ub | = (4.10±[0.30] exp ±[0.29] th )×10 −3 , the interval [26] of the best determinations from inclusive B-decays. Concluding, the extraction of |V ub | from B → πlν l has become fully competitive with the inclusive determinations. An important role is played by the experimentally measured q 2 spectrum of B → π transition combined with the form factor parameterizations based on the analyticity and unitarity. The current lattice and LCSR calculations of the form factor are in agreement within uncertainties of both methods.
